Date of Est:

24-Nov-2015
US ATLAS Prepared by:
HL-LHC Upgrade Mark Oreglia (UChicago)

BASIS of ESTIMATE (BoE) Docdb #:

WBS number: 6.5.1.1 WBS Title: Tile Calorimeter Main Boards

WBS Dictionary Definition:

This WBS covers the fabrication of main boards (MB) which manage the data flow, power distribution,
monitoring, and calibrations of the Tile Calorimeter front-end electronics. This MB is more radiation-
tolerant than the current ones, which is a requirement for HL-LHC running.

The deliverable for WBS 6.5.1.1 is production of 1,100 boards. Additional tasks are parts procurement and
monitoring of outsourced assembly, elevated temperature burn-in of cards with testing and repair, and
assembly on the “drawer” mechanical structure for acceptance testing at CERN.

Estimate Type (check all that apply — see BOE Report for estimate type by activity):

___ Work Complete

___ Existing Purchase Order

___ Catalog Listing or Industrial Construction Database

_X__ Documented Vendor Estimate based on Drawings/ Sketches/ Specifications
_X__ Engineering Estimate based on Similar Items or Procedures
____Engineering Estimate based on Analysis

_X__ Expert Opinion

Supporting Documents (including but not limited to):
Attachments: 1) Bill of Materials  2) Vendor PCB Assembly quote  3) Shipping quote

Details of the Base Estimate (explanation of the Work)

This BOE covers the production of 100% of the MB boards needed for the detector. The effort includes purchasing
components and PCBs for the 1100 units needed, and shipping of the boards to CERN and acceptance testing.

Labor

The Main Board is a complex 16-layer PCB with a large number of ball-grid mounted integrated circuits. Experience
acquired during production of prototype boards for a “demonstrator module” proved that the assembly process by
outsourced firms needs to be monitored by an experienced Electrical Engineer (EE) who can aid in debugging faults
in the process early on. It is also important for a trained Electronics Technician (ET) to perform an initial test on bare
PCBs and again as they arrive from the assembly house to detect and repair faults. The assembled boards are
received from the vendor at the University of Chicago, where they are mounted in burn-in fixtures and monitored in
real time during temperature cycling over a 5 day period which mimics 15 years of field operation. This process
requires that the front-end cards (FEB, manufactured by a different group) be connected to the MB during the burn-
in. Experience from the production of the current motherboards, and especially recent production of MB prototypes,
suggests that approximately 5-10% of the boards will need rework due to faulty components or soldering.
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Depending on the severity of the problem, the diagnosis and repair will be done by the EE or ET. Undergraduate
students (UG) will be employed to mount boards in the burn-in fixtures, monitor them periodically, and dismount
and store units that pass. Experience from the production of 1100 main boards for the current ATLAS detector
showed that the burn-in and repair process required almost full FTE labor by the ET and approximately 25% FTE
oversight by the EE. Shipping the boards in batches to CERN will incur materials- and ET labor costs, and
significant time by the EE is required at CERN to attend two expert weeks per year and train staff to do acceptance
tests.

Labor costs for the EE and ET working in the Electronics Development Group (EDG) incur no overhead.
Labor FTEs are based on experience with the recent prototypes produced for the demonstrator and our experience in
producing the motherboards for the current ATLAS Tile calorimeter. The breakdown is as follows (with “Y1”
indicating first year of full production, taken to be 2020):

e Parts packages, short-test PCBs: 10% FTE ET in Y1,Y2

e Oversee PCB assembly, initial testing, debugging with assy hse: 10% FTE EE,ET in Y1,Y2

e Mount in burn-in fixtures; supervise students: 10% EE, 60% ET, 1 FTE UG in Y1, Y2

e Diagnose and repair failures: 10% EE and ET in Y1, Y2
Inventory, crate and ship to CERN: 5% ET in Y1, Y2, Y3
e Acceptance test training at CERN and system integration meetings: 10% EE per year

Summary FTE’s: 2.8 EE, 2.95 ET, 2 Undergraduate Students

Materials

Cost of components and PCBs is taken from the Bill of Materials (BoM) for the recent production of prototype MB
cards used in the “demonstrator” — a prototype Tile Calorimeter module currently undergoing testing at CERN; the
BoM is shown in Attachment 1. This BoM was for production quantity of only 8 cards and shows retail prices by
Digikey. Our EE expert is confident (based on mutch experience with Arrow as a supplier) that a full production lot
of the more expensive IC’s accounting for 87% of the cost will realize a 20% or higher discount over the attached
BoM. We have a quote from the assembly firm for PCB assembly in large quantity (Attachment 2). To get the best
batch pricing, all passive components will be purchased in one lot; purchase of more expensive items such as PCBs,
ADCs, FPGAs and DC-DC converters will be done in two batches. Shipping costs were estimated based on a quote
from UPS based on the size and weight of the required crating.

Travel

Travel to CERN by the EE is needed during the production phase to attend expert weeks and to train staff to do the
acceptance tests. We have estimated that two week-long trips per year will be necessary, based on our experience in
constructing the demonstrator as well as the motherboard production during 2000-2003; the average cost of a week
at CERN is estimated to be $2570. Also included for the PCB assembly process are 6 commuter trips to
Schaumberg, IL, so the EE can debug the process with the assembly house engineers; this is a local trip incurring
only mileage reimbursement of $100 per trip. There is no overhead on travel by EDG staff.

A cost summary is tabulated below.
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WBS |Deliverable Task Labor Hrs |Labor $ [M&S $  [Travel § |Total §
6.5.1.1 |Main Boards 9,146) 633,198(1,109,613| 31,240)1,774,051
Production procurement MB1120 355 27,982 883,850 0 911,832
Engineering labor 3585
Student labor 0
Production PCB assembly MB1130 70 73,183 200,200 400 273783
Engineering labar 710
Student labor 0
Production Burn-in MB1160 6,394 344 301 0 0 34430
Engineering labor 2,842
Student labor 3,552
Production diagnose&repair MB1170 0 73,183 0 0 73,183
Engineering labor 710
Student labor 0
Ship to CERN MB1210 266 21,303 25563 0 46,866
Engineering labar 266
Student labor 0
Acceptance test MB1220 70 93156 0 30840 123,996
Engineering labor 70
Student labor 0
Schedule:

ATLAS management has scheduled installation of the Tile Calorimeter modules to begin early in 2024; possibly
even late 2023. Consequently, the complete number of 256 tested and assembled drawers must be ready by 2023Q4.
To meet this target with available manpower and resources, 18 months of production are necessary over two years;
this also provides for a comfortable 6 month schedule float. These requirements call for the following timeline:

2018-19: final design and prototype pre-production

2020: parts procurement, production and testing of 550 boards

2021: parts procurement, production and testing of 550 boards

2021-23: acceptance testing at CERN and mounting on drawer structures
2023: full system testing and start of installation

Assumptions:

Chicago “3in1” version of FEB adopted. MB components differ for other versions.
Preproduction funded by operations or other pre-construction sources

20% quantity discount on ICs

Timely receipt of FEBs from Clermont-Ferrand

Component failure rate < 10%

MB rework rate < 15%
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Risk Analysis

We note that the recent production of a demonstrator prototype employing these MBs leads to high confidence in
performance, cost and schedule. The MB production is essentially self-contained, so there is really no external
dependency apart from receiving at least one batch of FEB from Clermont-Ferrand.

Schedule Risk:
Probability: Low
Potential Problem: higher PCB failure rate.
Mitigation: 33% schedule float should be sufficient to address any plausible failure rate.

Schedule Risk:
Probability: Low
Potential Problem: late delivery of FEB from Clermont-Ferrand.
Mitigation: In the event of late FEB delivery, MB production can proceed with only one batch of FEB; these
FEB could even be reclaimed from demonstrator modules.

Cost Risk:
Probability: Low
Potential Problem: higher EDG labor rates.
Mitigation: none.
Labor rates include 3% inflation; the average over 10 years at UChicago has been 2%.

Cost Risk:
Probability: Low
Potential Problem: higher failure rate necessitating more repair, or increased component costs.
Mitigation: More EE labor to augment repair force; component costs should be well within 30% contingency.
Recent experience with the demonstrator and purchase of components validates costing and debug time.

Cost Risk:
Probability: Low
Potential Problem: QIE or FATALIC version of FEB+MB chosen.
Mitigation: These versions of the MB are simpler and have no ADCs; parts cost would be lower.

Technical/Scope Risk:
Probability: Negligible
Potential Problem: Card component no longer radiation qualified.
Mitigation: Find alternative component.
The components are not exotic, with many alternatives. Radiation testing already virtually certifies the
components chosen.
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M&S Contingency Rules Applied

50%
We now estimate the contingency based on the rules for M&S. It depends on the maturity of the cost estimate.
5) 40-60% contingency on: items with a detailed conceptual level of design; items adapted from existing designs

but with extensive modifications, and/or made more than 2 years previous with documented costs. A physicist or
engineering estimate uses this level.

Labor Contingency Rules Applied

50%
We now estimate the contingency based on the rules for Labor.. It depends on the maturity of the cost estimate.
40-60% contingency for a task that is not yet completely defined, but is analogous to past activities; for

example, a fabrication activity similar to, but not exactly like, items fabricated for other activities; for
example, design labor for items similar to, but not exactly like, previous designs.

Comments:

There is high confidence in cost and risks based on the recent successful test of MB prototypes and
radiation testing.

Attachments:
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Attachment 1: Bill of Materials

32842 Component Order List |BE2842 order shipmsnt DE251Y wlsx)

Fukun Tang
ftangiBuchicamo eduw
773-B34-2226
£/ 23/ 20% update £/11,/2013
Fart nama Fat & Diimimy £ Eaamatry Oty/BD | Unit Price | Qfy Order subfodal 5
ICs

1E-bit ADC AMANLIISOBEUDE KMAK11ESEEUD+-HD TESOPL4 12 FE32 230 27250

Oct 12-0it DAL LTCZEISIUFD-L1ZBFEF LTCIEIEIUED-LIISSBF-MD | OFNI0 Sxkmm g »1Z2.210 20 E‘:—?.E!l

A0MEps 12-bit ADC LTC22ELCU-13EPEF A0l- o QFM40 Swsmm 12 +18.070 300 73 15.3-1'

Op amplifier LTCZOLCSEEFEF LTOIRo I CEEarRF-HD SHCE 2 52.130 130 .':i.i-ﬂl

|ouml 48 DC/DC LTRAZE15EVEPEF LTI4EISEVAFSF-ND ubddule 144 4 20,338 100 EE—i.E—EI
IH =saties 0O/ DC Controller LTSTISENMSESPES LTATISEMZESFRF-MD ISOPL1T TRAD 2 55,380 A 35.'-'2'
ISEr'-E EFROM EFCSEEEEN 334-1375-3-MD smcE 4 #13.000 ag o200
IFFG:. EFSCELIDFLTCTH 34-2 s FEBGAZIE L7wl7mm 4 »33.670 :[E 2132 58
|raczrer SITE4SBOF-T1-GES : SHCE ppak 2 51.350 iC =228
JOHT CIoCk Gernsrador £CE-3323-400-B-TR ACI0NTET-HD Ammxs.Zmm 4 55.107 g 1143

400-pin Aray bale Conn 439704713 WASEICT-MNID 400-pin Male Cionin. 1 +15.895 23 $1‘E.3=|

Fassive Companents: |

34 PUEE BLOE 01323, 13081 Q1343 150 RL-FD smf fuse bilok 2 51.153 A .':-1.5-3'

3-pin signal conrector DErE connd bers connd 12 50,100 100 ;.1.z:|

10-pin JTAS Connector S30-3300342 232-1383-ND ftaE_conmst 2 50.853 ac .':-1.'-'1'

40-pin riban conmechor ca20nfhir rs ad Ol 132 50.250 100 z3.00]

4-pin power conneckor 0053301040 WH11332-H0 4-3in power Cone: 3 50,780 EC z2.34]

3-pinpower connector 0023303033 W14 45-KD 3-3in power cone 2 50.850 3C .':-:I..'-'!l

4-pos dip switch Z15-4LFST CTZUZ2IFST 4-p0s sm dip switch 2 51,180 30 2236

Schottioy 30V 34 Diods RBOENE-30TL REDEIE-30TLCT-MND OFaE 4 50.984 100 .':-5.3-1'

JEES QUi CHA L/ I0W JUTAF 402 5800 ER1-2GEDRIDN EO.CITR-HE AC0Z 3E 50.00 1000 =0.08
IF:I-."C Q0% CXHES LW %0805 E£RLID12E-M-ROON-F-T3 Z02-13583-1-MD RCE03 2 £0.392 100 =0.78
|ru=.- 20 CFED 1L 1 D02 ERJ-ZREFIZROX P22 0 TR-HD AC0Z 20 50.00 1000 =0.07
IFI."- S0 CFEDA 1L 1 D00 T ERJ-2REFX1RDX PaLY -HE RCL0Z 4E £0.00 1000 =017
|ru=.- S50 CFED 11 1% D02 SCOJOZFR-0TI5RL 211-36.0LRTR-NHE RCZ0Z 12 50.001 1000 =0.02
IFI."- OO RO | 4 Sl ERJ-2REF1000% PLOCLTR-HD RCL0Z 3E £0.00 1000 .12
IF:I-."C 458 CHR 1CL0W 120407 ENTD ERJ-3EKFA9500V PASSHTE-MD ACL0Z 24 50.00 1000 =0.03
|ru=.- 1R, O 11O 1% 02 STy ERJ-2REF1001X PLOOELTR-NE RCL0Z 12& 50.00 1000 #0.44
IF'J=_"- 1 -EAEC DR 1710 1% a2 SRl ERI-2ZREF1Z11X PLIIEITE-ND RO0Z 4 %0.00 1000 001
IFI."- | SO, QD 11O 195 02 STy EHI-ZREFI 500K P1.JCELDER-HD RC40Z 2 £0.003 300 =001
IF:I-."C LOOE, CHA 1 I0W 1% 0402 S50 ERJ-ZREFI0O0LE PZOOELTR-HD ACL0Z 4 50.00 1000 =0.01
|ru=.- 3SR DO 17100 1% D0 SR ERJ-2REF3S31X P3.EZELTR-NE RC0Z £ 50.00 1000 #0002
IF'J=_"- 4 P00 DFDL 1710 1% a2 SRl ERI-2REFIZ31X P& SSELTR-NC RO0Z 4 %0.00 1000 001
|ru=.- . OF, DD 11O 1% 02 STy ERJ-2REFS101% PO ICEITE-HE RC0Z 2 50.00 1000 =001
IF'J=_"- DOUOEE DRl 1710 1% a2 SRl ERI-2REFI10DZX ROS0ZE 5E %0.00 1000 =024
|ru=.- LU S5 O 11O 1% 02 STy ERJ-2REF1132E RC0Z 2 50.00 1000 =001
|ru=.- L5 BE, QD 11O 196 002 Sy ERJ-ZREF1IXEZX AC0Z 2 50.00 1000 =0.01
|ru=.- 27 4, QD 110 1% 0902 STy ERJ-2REFI7AZE RCL0Z 2 50.00 1000 =201
IF'J=_"- IR OEC DD 1710 1% a2 SRl ERI-2REFZE0ZX RO0Z 4 %0.00 1000 001
IFI."- 45 35 OO 01O 195 02 ST ERJ-2REF4332E RC40Z 2 £0.00 1000 =0.01
IFI."- AR T CHD 1100 1% 0902 Skl ERJ-ZREFLSTEX ACL0Z 2 50.00 1000 =0.01
|r-J=.-+--13; R 11O 1% 03 STy ERJ-2REFSOSZE PEC.S®LTR-NEC RC0Z 2 50.00 1000 0.0
IF'J=_"- S SR QORI 1% 002 Bl ERI-2REFE432X PE4 IELTR-NC RO0Z 2 %0.00 1000 001
|ru=.- DO CHETRA 151 00 1 D402 SRAT ERJ-2REF1003% Pl JE-HE RC0Z 2 50.00 1000 =001
IF'J=_"- DOSK CHEIRA 1AL O 1% D02 A ERI-2REF1032X P103ELTR-ND ROS0ZE 2 %0.00 1000 =001
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im=5|:|u A 1L O 1% 402 KD ZFJ-ZREFIZL3K F1225LTR-HD RO402 2 %0.00 1000 0,01
fres= 2 5 ot vaow 145 02 SRU2AKF2IRY PZ3.3TR-ND RO402 24 £0.00 1000 007
CAFCER 12 500 1% BP0 02 GRMI1IIICIHAZOFA0ID  [£50-5155-2-ND Co402 12 £0.00 1000 0.1
CAFCER ZIPF J0V 35 K0 (40 CO402C2ZNEEACTU CO403C220IBGACTY- 040z g 30,064 1000 i0.48
CAFCER 10IFF 500 9% KPO 402 C100300F1HI02I0I084  [£33-5845-2-MD 40z [E 0,020 1000 i1z
CAFCRIL 1000F 25V 104 K55 0412 C1005X3R1EL0ED50EA o402 26 £0.00 500 2013
CAFCRR (L IUF 16V B KSR (400 C1003X3R1C104K0I084 o402 £45 £0.00 1000 z3.00
CAF CER 1UF 6.3% 10 KFO 02 C20120051H103I0E0AS o402 &0 0,126 1000 2758
CAFCRR 2 3UF OV B KER (400 C1009X%71A229K0%0EC  [2a3-7383-2- o402 a8 30,064 1000 234
CAFCER 4 TUF L0 218 X504 C1003X531827IMOI0EC  [£33-B023-2-ND 40z 26 £0.00 1000 2021
CAFCER 4 TUF 15V B XS0, (605 C2012X3=1EAT 129 AR 11E-2-MD CoE0% B 30060 200 REG |
CAFCER J00LUF 16V 0% X5 1210 [enkzzsasiiormim-T 587-3192-2-40 C1210 22 £0.763 100 524 23|
JFERRTTE CHIF BEAD 600 OHM 5M0 |MFT201255014 MPZIIAISECLE FI503 32 0,027 400 zo.88)
e Ton s50Em D DAL 5 5UH ST DEQ12T-333-3 -1308-1- DRO127-3R3-R 2 11.667 30 2333
T00F 6.3V 709 IR 0400 CLOAALDSM O ANUNE 1276-1432-1-ND 040z 20 £0.115 100 5230
4TuF 6.3V T0% X5R 0805 COE0ICATEMEFACTL 355-5506-1-M0 CoE0% (G 50.333 100 512 56
4TuF 100 708 X5R 1206 SEMILCIEIAITEMELTL  [230-59928-2-MD C1205 72 30,176 100 512 57
Ui 1ersiana 0457303112 W11 0831-HD 30.134 100 2,00
L. power Connsstg anckel D03A012040 WII3T00-ND afime N w1333 30,716 100 2,00
Fassive cOMmponants: E?E-.EEI

ICs, l=ss 20% s353.51)

MEB: FCB gty 100=54100 PLE FCE, gty 350 5240.00|

ME: Assy gty 200 = $130.20 Aszy Assy, gty 330 5132 00|

costibd qty 550: 51,081.74|
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Attachment 2: Vendor Quote: PCB assembly

QUOTATION

BESTProto T PS—

Yo ur oo D e L ey TL e L et

BESTProto Inc. 11/5/2015 5211
3803 Edison Flace

Eolling Meadows IL 60008
Ph: 224-387-3280 Fax: 224-387-3290
www bestproto net

University of Chicago
Physical Sciences Division
5747 5. Elhs Ave GHJ 303
Chicago, IL 60637

BESTProto, Inc. is pleased to quote the following price and delivery mformation:

Item City Customer P/N, Description Piece Price | *Lead Time
1 100 PCB Assembly (Labor Portion), B2E800 190.20 10 Days
2 100 PCB Assembly (Labor Portion), B2E800 24720 5 Days
3 350 PCB Assembly (Labor Portion), B2200 182.00 10 Days
- 1,100 PCE Assembly (Labor Portion), B2800 130.00 20 Days

*Lead times are subject to availsble capacity at the fime of order. Standard lead time is
approcamately 10 days after recedpt of all required parts and files.
Sales Tax if Applicabla (9.0%)
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Attachment 3: UPS shipping quote

For crate of 50 boards.

Calculate Time and Cost

Air Freight Time and Cost Summary

Based on the selected destination, 1 or more additional days time in tfransit may apply.

Air Freight Results
Air Freight Service Total Ship Date E:Eigtt?ﬁaﬂﬁ'r';few
- 06:00 PM
LIPS Air Freight Direct™ 1 162.00 USD Tuesday Menday
(Mon-Guaranteed) ' ' 110372015 11/09/2015
Base Transportation: 0.00 usD
Declared/Insured Value Surcharge: a50.00 UsD
Peak Season Surcharge: 0.00 UsD
Electronic Export Information (EEN): 15.00 USD
Security Fee: 22.00 UsD
Fuel Surcharge: 105.00 UsD
Misc. Origin Fees: 80.00 UsD
Total: 1,162.00 USD
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